We have studied T1 and T2 weighted MR images of thrombus from examination of patients with small abdominal aortic aneurysms in order to know whether the thrombus signal can be linked with the aortic diameter enlargement, and then could predict rupture risk of the aorta wall. Data were obtained from 16 patients with Small Abdominal Aortic Aneurysms (SAAA) who had been examined since July 2006 to January 2010 with MR Images. Several parameters were used to study the thrombus signal, such as mean, median, standard deviation, skewness and kurtosis. Each parameter was calculated for the thrombus area, and the signal in the muscle was used to normalize the mean, median and standard deviation of signal in thrombus. After then, those parameters were compared with evolution of the aortic diameter. 13 of the 16 patient with SAAA had a thrombus. Unfortunately there were no correlations between thrombus signals with the evolution of the aortic diameter (R often less than 0.3). But some parameter show links between thrombus signal and maximum diameter (mean (R=0.318)), median (R=0.318), skewness (R=0.304)) or with ∆ maximum diameter (mean (R=0.512)). We cannot use thrombus signal alone as the parameter to predict the evolution of the aortic diameter. This study is the first step of our overall study. In the next step, we will use blood flow velocity with 3D/4D modelisation on the aortic aneurysm as a comparison parameter for predicting the rupture risk of the aortic wall. Moreover, relationship between flow data and thrombus will be studied. Keywords: Thrombus signal, evolution of the aortic diameter, T1 and T2 weighted images, small abdominal aortic aneurysms.
PREDICTION OF THE EVOLUTION OF THE AORTIC DIAMETER ACCORDING TO THE THROMBUS SIGNAL FROM MR IMAGES ON SMALL ABDOMINAL AORTIC ANEURYSMS
We have studied T1 and T2 weighted MR images of thrombus from examination of patients with small abdominal aortic aneurysms in order to know whether the thrombus signal can be linked with the aortic diameter enlargement, and then could predict rupture risk of the aorta wall. Data were obtained from 16 patients with Small Abdominal Aortic Aneurysms (SAAA) who had been examined since July 2006 to January 2010 with MR Images. Several parameters were used to study the thrombus signal, such as mean, median, standard deviation, skewness and kurtosis. Each parameter was calculated for the thrombus area, and the signal in the muscle was used to normalize the mean, median and standard deviation of signal in thrombus. After then, those parameters were compared with evolution of the aortic diameter. 13 of the 16 patient with SAAA had a thrombus. Unfortunately there were no correlations between thrombus signals with the evolution of the aortic diameter (R often less than 0.3). But some parameter show links between thrombus signal and maximum diameter (mean (R=0.318)), median (R=0.318), skewness (R=0.304)) or with ∆ maximum diameter (mean (R=0.512)). We cannot use thrombus signal alone as the parameter to predict the evolution of the aortic diameter. This study is the first step of our overall study. In the next step, we will use blood flow velocity with 3D/4D modelisation on the aortic aneurysm as a comparison parameter for predicting the rupture risk of the aortic wall. Moreover, relationship between flow data and thrombus will be studied.
Introduction
Aorta is the larger artery that delivers blood from the heart of human beings throughout the body. In this way, the human blood flow will go through some branch, for example, that led to the arm (subclavian arteries), heading toward of the head (carotid arteries), and headed toward of the chest (thoracic aorta), then toward of the diaphragm to the stomach (abdominal aorta). In the region around the stomach will be much more branching, including to the liver, intestines and kidneys. And last, the branching will be forwarded to the direction of human legs (iliac arteries). Human blood will be pumped by the heart into the aorta, which then flows through the artery and its ramifications to all parts of the human body. The human blood pressure will refer to how much pressure in the arteries that brings blood to all cells of the human body through the delicate vessels (capillaries) which then will return to the heart through blood vessels and takes oxygen through the lungs. In the Figure 1 we can see the anatomy of the aorta. (HEALTH LIBRARY, 2008) Many studies in human aorta have been successfully detected abnormalities in the aortic wall, both at the thoracic or abdominal aortas. In general, the swelling of the aortic wall is very elastic, so if there is swelling, the aortic wall will not be able to shrink back and it can be broken without being able to predict when the rupture risk of the aortic wall. This will result in the risk of death in the patient. An Abdominal Aortic Aneurysm, also called AAA, is a bulging, weakened area in the wall of the aorta resulting in an abnormal widening or ballooning greater than 50 percent of the normal diameter. Some causes of the swelling of the aortic wall are as age (greater than 60), male (occurrence in males is four to five times greater than that of females), family history (first degree relatives such as father or brother), genetic factors, hyperlipidemia (elevated fats in the blood), hypertension (high blood pressure), smoking and diabetes. Asymptomatic aneurysms may not require surgical intervention until they reach a certain size or are noted to be increasing in size over a certain period of time. Parameters considered when making surgical decisions include are: 1) aneurysm size greater than 5 centimeters (about two inches), 2) aneurysm growth rate 0.5 centimeters (slightly less than one-fourth inch) over a period of six months to one year, 3) patient's ability to tolerate the procedure (Isselbacher, 2005) .
Thrombus signal
Thrombosis term will refer to the formation of a blood clot (thrombus) in the blood vessels or the heart cavities in living systems. Aortic aneurysms are often associated with the thrombus in it. This is according to the facts that have been studied and demonstrated by the field of pathological, surgical, and clinical examination based on the results of computed tomography (CT), ultrasound imaging, angiography, traditional spin-echo (SE) or cine-MRI. Lots of methods are created or modified in order to help to prove the existence of intact thrombus signal in the aorta. But until now, with a disorder that occurs in the aorta, it is difficult to detect or properly evaluate the existence of thrombus signal. (Ito, 2008; Honda, 1997) . Election for analysis of the thrombus signal is very important (Kramer, 2004) . The selected images are images where the examination occurs during the relaxation took place, such as T1-weighted image and T2-weighted image (Figure 2 ). In this study we want to study T1 and T2 weighted MR images of thrombus from examination of patients with Small Abdominal Aortic Aneurysms in order to know whether the thrombus signal can be linked with the aortic diameter enlargement, and then could predict rupture risk of the aorta wall. 
Protocol small abdominal aortic aneurysms
In our research protocol, images allowing anatomy study, cine-MR images in order to perform a 3D/4D modelisation of the aorta and for compliance study, T1 and T2 weighted images, flow data, and images after injection of contrast agent to study inflammatory aspect, were acquired. Using homemade software, flow imaging in 3D/4D, T1 and T2 weighted images and compliance evaluation have been processed. In particular, T1 and T2 weighted images were used to analyze the thrombus signal (Coutard, 2009) . For each patient, these images were located at the same position in one examination to another.
Processing
To process all the data, we use a home made program with MatLab software. Processing was done in the first examination in order to predictive aspect of early examination, and also done in the last Examination who has more important thrombus, more areas, and more signals. Manual tracing of the borders have been done to define the Aorta Surface and Luminal Surface in order to determine the Thrombus surface, where Thrombus Surface = Aorta Surface -Luminal Surface.
To take into account of the aortic wall surface, thrombus was found if the thrombus surface area achieved > 30% aortic surface area. In diameter of the aorta, we have the result value after doing manual tracing on the aorta surface. They are at three positions, such as: Anterior-Posterior Diameter, Transversal Diameter and maximum diameter, as shown in Figure 4 . Signal of the muscle vary only slightly from one examination to another, so an area for normalizing the data was determined in the muscle area ( Figure 5 ). Maximum aortic diameter was automatically obtained from manual tracing on T1 weighted images in all examinations. After then we calculate the evolution of the aortic diameter (mm/year) = ∆ maximum diameter (mm)/∆ examination date (day) * 365 days. Several parameters were used to study the thrombus signal, such as mean, median, standard deviation, skewness that describes the degree of asymmetry of the signal histogram with this formula Σni (xi-x) 3 /Ns 3 , and kurtosis that describes how sharply peaked the signal histogram with this formula Σni (xi-x) 4 /Ns 4 -3, where ni is number of pixel at aorta value xi , x is mean value of the aorta, s is the SD, and N is the total number of pixels. (Matsuoka, 2006) . Each parameter was calculated for the thrombus area, and the signal in the muscle was used to normalize the mean of signal in thrombus, the median of signal in thrombus and the standard deviation of signal in thrombus. These parameters were compared with evolution of the aortic diameter. Using mean/median/SD signal of the aorta, normalized mean/median/SD signal of muscle, we make the thrombus classification (Castrucci, 1995) as: Homogeneous Thrombus if T1 = T2 = Low signal, Heterogeneous Thrombus if T1 = T2 = High signal and Indefinite Thrombus if T1 ≠ T2 (low and high signal, or high and low signal).
Result

Thrombus classification
There are 13 of the 16 patient with SAAA had a thrombus. From thrombus classification, we found 3 patients without thrombus, 5 patients with Homogeneous thrombus, 7 patients with Heterogeneous thrombus and 1 patient with Indefinite thrombus. Here is a sample of T1 image (Figures 6 and 7) which can describe about presence of thrombus in SAAA. From the distribution of high and low signal areas that we made, the classification of thrombus categories from each patient can be obtained as follows (Figure 8 ):
DISTRIBUTION OF SIGNAL AREAS FOR THROMBUS CATEGORIES
We can also show some images ( Figure 9 ) that presence of the thrombus categories: After then, we compare all parameter that used in thrombus categories with the evolution of the aortic diameter, and its can be seen on the following Tables 1 and 2 . Where y=parameters were used, x=maximum diameter or ∆ maximum diameter, and R²=coefficient of determination on the graph. From those tables we can see many value of R<0.3 (not good correlation), there are only a few values of R>0.3 that indicate a correlation between thrombus signals and the evolution of the aortic diameter.
Conclusion
For the evolution of the aortic diameter, we found no correlation between thrombus signals with the evolution of the aortic diameter in Small AAA (R often less then 0,3), but the parameters were used. We cannot use thrombus signal alone as a parameter to predict the evolution of the aortic diameter. Relationship between blood flows, thrombus signal and biology findings will be studied. In the next step, comparison of the blood flow velocity with 3D/4D modelisation (aspect laminar flow and turbulence, maximum speed, radial speed, and shear stress) with evolution of the maximum diameter will be performed.
